LIMITATIONS OF RISK ALGORITHMS
When employing risk adjustment, there are important limitations that have to be taken into account in order to obtain valid information and not misinformation from the 'correction' [2] . First, risk algorithms are accurate only for the population and in the timeframe in which they are developed and validated. Secondly, risk adjustment loses accuracy at the extremes of the population studied when there are too few patients upon whom to build a statistically valid model. This 'tail of the bell-shaped curve' is where high-risk patients with aortic stenosis reside, and this accounts for some of the overestimation of risk seen with many models [3, 4] . Thirdly, risk algorithms cannot reliably be directly applied to populations and treatments other than those in which they were developed. The implications being that although both TAVI and SAVR are used in treating patients with aortic stenosis, AVR risk algorithms are based on 'surgical' AVR outcomes and therefore may not to be directly applicable to TAVI. Fourthly, risk algorithms cannot account for variables not collected or analysed. This lack of accounting is due to either the fact that the occurrence of the factor or condition is so small that it's impact cannot be measured, e.g. porcelain aorta, or that it was not previously known to be a factor that was causal or able to be accurately measured or quantified. The role of frailty and its impact on outcomes of treatment is a case in point. Fifthly, all risk predictors fall prey to the phenomenon of 'garbage in equals garbage out'. Unless, the factors on which the algorithm is formulated are based on complete and accurate data, it is more likely that an inaccurate predictor will result. A corollary of this is that the risk predictor must be 'user friendly'. The greater the number of variables collected in the formulation of the risk algorithm, the more accurate the prediction of risk; however, the more burdensome the collection of data required, then the less complete and accurate will be the information. So there needs to be a balance between including all information that is likely to be a factor in causing risk and 'user-friendliness' in order to facilitate complete and accurate collection and to assure that the tool is routinely employed in decision-making. Indeed, one risk algorithm for aortic stenosis, the ACEF score, provides reasonable prediction using only three factors, such as age, serum creatinine and ejection fraction [5] .
AVAILABLE RISK ALGORITHMS FOR AORTIC STENOSIS
There are at least 12 risk algorithms that have been constructed in various populations and differing time periods to predict outcomes after SAVR (Tables 1 and 2 ). The two most widely used are the Logistic EuroSCORE (LES) and the Society of Thoracic Surgeons (STS) predicted risk of mortality [6] [7] [8] . Both the LES and STS have been repeatedly demonstrated to over-predict the actual risk when assessing patients at high risk for surgery [3, 4] . This is due to the factors mentioned above, including too few patients at high risk to be accurately analysed and that they were operated on an earlier time period. To address some of these shortcomings, both the LES and STS risk algorithms recently have been revised and updated to reflect more accurately current surgical outcomes and practice. The STS is now in version 2.73 and is readily available as an online calculator at sts. org. EuroSCORE was also recently revised and updated and can also be calculated online (euroscore.org) [9] . The new EuroSCORE II has been demonstrated to more accurately predict observed outcomes in patients undergoing SAVR and possibly TAVI, although still not with optimal accuracy [10] [11] [12] .
There is currently intense interest in predictive modelling for the management of patients with aortic stenosis because of the introduction of TAVI. This has unfortunately led to the overuse, and indeed abuse, of the risk algorithms for applications for which they were not developed or intended [13] . Overenthusiastic zealots of TAVI have touted the benefits of outcomes of the procedure because of the better-observed outcomes compared with the expected based on the predictive model. This abuse has been particularly prevalent with the use of the LES to estimate risk and report outcomes in patients undergoing TAVI. The reasons why current risk predictive models are inaccurate, not applicable and in fact yield misinformation is that the patients assessed for TAVI are at the extremes of risk where the current risk models fail. The risk predictors are being used for a procedure for which the risk models are not developed or validated and do not take into account the variables that may play a role in risk, including porcelain aorta, previous radiation therapy, liver disease and frailty.
GERMAN AORTIC VALVE SCORE
To help address some of the inadequacies of the current riskprediction models in adults undergoing aortic valve procedures, the German Aortic Valve Registry (GARY) has developed the German Aortic Valve Score [14] . It is based on 11 794 patients undergoing SAVR or TAVI in Germany in 2008. Using multiple logistic regression, 15 risk factors influencing in-hospital mortality were identified. Among the most important factors determined to predict risk were age, body mass index, renal disease, urgent status and left-ventricular function. There was a high degree of discrimination of the risk model with an area under the ROC curve of 0.808, with 1.0 being perfect and 0.5 being a 'flip of the coin' [15] .
The authors are to be applauded for developing a risk algorithm that can finally be applied with some degree of accuracy in patients who are currently undergoing aortic valve procedures. However, rather than being viewed as the final answer, it is rather the first step in a long journey of risk prediction in TAVR. As the authors acknowledge, there are many limitations of this model. These include the fact that it was developed based on patients treated in 2008 and may already be not applicable to current treatment since the field is evolving so rapidly with new devices and techniques continuously being introduced. Secondly, patients undergoing TAVI constituted only 5.1% (573/11 147) of the study population, limiting the application to TAVI. TAVI was also performed in only 25 of the 81 participating institutions, again limiting the 'generalizability' of the score. It should also be noted that the model was developed for interhospital comparisons and therefore can only predict overall outcomes in German hospitals. Comparisons can be made of overall programme outcomes between various centres, but it cannot be used to discriminate between different procedures, approaches or devices. One cannot as yet determine from this risk score whether an individual patient should undergo SAVR or TAVI or whether a specific device or approach could be preferable.
Another limitation of the German Aortic Valve Score is the methodology by which the risk model was constructed. Most of the risk models are developed using a portion of the overall analysed population, usually 50-60% of the study population, to construct a weighted risk model, and then use the remaining sample to validate it. Because of the small sample size of TAVI procedures in the study, this validation was not done, thus the model needs to be validated externally in other populations.
Since the model includes overall outcomes of surgical AVR and TAVI, the value is in comparing the overall outcomes of a programme and not necessarily surgical or TAVR outcomes per se. Indeed, it is also likely that there are different factors that constitute different risk profiles for different procedures. For example, frailty may be weighted more when considering SAVR compared with TAVI. The risk may not be the same when considering the different approaches for TAVR, as severe lung disease may be a significant factor impacting outcomes with the transapical, but not the transfemoral, approach.
It should also be noted that this model is based on in-hospital mortality, which is lower than the 30-day definition of mortality used by the STS algorithm. In the development of EuroSCORE II, in-hospital mortality was 4.0%, 30-day mortality 4.6% and 90-day mortality 5.5% [9] . Indeed, it is likely that TAVI-specific risk algorithms will be developed that predict both short-and long-term results and outcomes other than mortality. The linkage of clinical databases, which capture early outcomes with administrative databases that capture long-term outcomes, will allow the development of models predictive of long-term survival. The current trials in intermediate-risk patients have a primary endpoint of death and stroke at 2 years. One can envision the construction, eventually, of risk models that will predict composite outcomes, including mortality, stroke and functional quality of life. The current STS model predicts not only 30-day mortality, but individually and as a composite, six components of major morbidity including stroke.
A true TAVR-specific risk model needs to be developed, and at this time, there are at least two efforts to do so. The European registries of the Sapien Valve (Edwards Lifesciences, Irvine, CA, USA) and the USA Partner Trial and Continued Access patients are being collated and analysed to develop a TAVR-specific algorithm, while the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy (STS/ACC TVT) Registry in the USA now has sufficient patients enrolled for a risk algorithm to be developed. The validation of a TAVR-specific risk algorithm between these two populations is planned.
Analysis of adult patients with aortic stenosis undergoing procedures is a rich area of outcomes and comparative effectiveness research. The GARY Registry has given us the first glimpse into how to accurately assess the outcomes of current therapy. As the authors envisage, they have established a baseline from which we can evolve to build even more current and robust predictive models that can serve individual patient decision-making and make accurate outcomes assessment and comparative effectiveness research possible.
